Abstract: Experimental data on final devoicing in languages such as German and Russian usually show that speakers produce incompletely neutralized acoustic differences between words ending in phonologically voiced versus voiceless obstruents (e.g., /kod/ 'code' vs. /kot/ 'cat' in Russian) and that listeners can use these differences to identify the underlying specification of final consonants at an above-chance level. The current study examines how the seemingly successful perceptual identification of voicing varies across stimulus items recorded in reading vs. non-reading procedures and with and without full minimal pairs present in the experimental list. Results of a series of identification tasks reveal that Russian listeners' identification responses are more in line with underlying voicing for the stimuli recorded during word-reading and with minimal pairs included among the experimental items. This shows that voicing judgments are strongly influenced by the acoustic differences produced when speakers encounter orthographic forms or lexical competition. At the same time, perceptual neutralization is also not complete for the items recorded without such exposure, which indicates that listeners' ability to recover underlying voicing is not limited to the production contexts involving written forms or minimal pairs.
Introduction
Traditional accounts of word-final obstruent devoicing assume that the phonological voicing contrast is not preserved at the phonetic level, with word pairs such as Rad 'wheel' and Rat 'advice' in German and код /kod/ 'code' vs. кот /kot/ 'cat' in Russian being indistinguishable in both production and perception (Kiparsky 1976, among others) . At the same time, experimental studies have repeatedly shown that speakers of neutralizing languages maintain acoustic differences between phonologically voiced versus voiceless final obstruents and that listeners can often identify the voicing setting of such segments at an above-chance level (e.g., Port and O'Dell 1985; Warner et al. 2004) . The current study investigates how such identification responses vary depending on whether the perceptual stimuli were recorded using reading vs. non-reading procedures and with vs. without full minimal pairs in the experimental list. The goal is to determine how differences in production context affect the extent to which the phonological contrast is neutralized in perception.
Production data from languages with final devoicing, including German, Dutch, Afrikaans, Polish, and Russian, often show reliable differences between the surface forms of phonologically voiced versus voiceless obstruents (e.g., Chen 1970; Charles-Luce 1985; Port and O'Dell 1985; Slowiaczek and Dinnsen 1985; Tieszen 1997; van Rooy et al. 2003; Piroth and Janker 2004; Smith et al. 2009; Dmitrieva et al. 2010; Rӧttger et al. 2011; Kharlamov 2014; Röttger et al. 2014 ). This phenomenon is traditionally referred to as 'incomplete neutralization', and it tends to affect the acoustic parameters of consonantal duration, glottal pulsing, and preceding vowel duration. Phonologically voiced consonants usually show significantly shorter durations, more glottal pulsing, and longer preceding vowels compared to their voiceless counterparts (e.g., all 3 parameters demonstrate significant differences in Port and O'Dell 1985; van Rooy et al. 2003) .
Incomplete neutralization has also been attested in the domain of perception, where the rates of voiced responses vary depending on the phonological voicing setting of the final consonant despite its phonetic devoicing (Port and O'Dell 1985; Port and Crawford 1989; Slowiaczek and Szymanska 1989; Warner et al. 2004; Röttger et al. 2011) . For example, during forced-choice two-alternative identification tasks, speakers of German have shown above-chance-level performance on voicing, with the majority of phonologically voiced but phonetically devoiced segments being attributed to the voiced category (e.g., Port and O'Dell 1985; Port and Crawford 1989; Röttger et al. 2011) . Comparable results have also been reported for other devoicing languages, including Dutch (e.g., Warner et al. 2004) and Polish (e.g., Slowiaczek and Szymanska 1989) , as well as for other types of perceptual tasks, such as discrimination experiments (e.g., Matsui 2011) and rating tasks (e.g., Ernestus et al. 2007a ). This suggests that listeners perceive the partial cues to voicing and interpret them as evidence of the target segment being [þvoiced] .
When voicing effects are observed in production data, they are usually attributed to speakers' producing incompletely neutralized consonants because they are aware of these segments being voiced at the phonological level or because they know that the same consonant is articulated as voiced when non-final in morphologically-related forms (among others, Port 1996; Port and Leary 2005; Ernestus et al. 2007a , Ernestus et al. 2007b ). However, incompletely neutralized differences are also known to be motivated in production by speakers' exposure to orthographic representations during word-reading tasks and inclusion of minimal pairs among the stimuli (among others, Fourakis and Iverson 1984; Mascaró 1987; Jassem and Richter 1989; Manaster Ramer 1996a , Manaster Ramer 1996b Warner et al. 2004; Warner et al. 2006; Iverson and Salmons 2011; Kharlamov 2014) . For example, Fourakis and Iverson (1984) found incompletely neutralized differences in German in the tokens elicited during a word-reading task but not in the items recorded during an oral task. Kharlamov (2014) reported that robust differences in glottal pulsing between phonologically voiced versus voiceless stops and fricatives in Russian were found during word-reading but not picture-naming/word-guessing, and when the list of test items contained minimally-contrasting word pairs (e.g., /kot/ 'cat'~/kod/ 'code') but not when such pairs were excluded. This shows that both orthography and lexical competition can affect the production of voicing in obstruents, likely by increasing speakers' awareness of the situational importance of voicing and encouraging the production of prominent acoustic differences between voiced and voiceless obstruents in the parameter or parameters relevant for a given language (e.g., glottal pulsing for Russian speakers, segmental duration for German speakers).
Considering that the previous perception findings have been based on (i) the stimuli recorded in word-reading tasks with voicing-based minimal pairs included in the experimental list (e.g., Port and O'Dell 1985; Port and Crawford 1989; Slowiaczek and Szymanska 1989; Warner et al. 2004) , (ii) word-reading tasks without minimal pairs among the stimuli (e.g., Ernestus et al. 2007a), or (iii) oral tasks with minimal pairs among the stimuli (e.g., Jassem and Richter 1989; Matsui 2011; Röttger et al. 2011) , listeners' apparent ability to correctly identify intended voicing may then be due to their reliance on those hyper-articulated differences that are present in the stimuli as a result of speakers' exposure to either written forms or lexical competition or both. Moreover, many previous perception studies limited their scope to monosyllabic words ending in coronal stops (e.g., Port and Crawford 1989; van Rooy et al. 2003; Warner et al. 2004 ) and relied on small samples of speakers or stimulus items, such as testing 10 or fewer participants and/or stimulus items (e.g., Port and Crawford 1989; Kopkalli 1993; Matsui 2011; Röttger et al. 2011) . However, the patterns that exist at the level of individual speakers or specific words may not necessarily be representative of group-level behaviors and the entire lexicon, and factors such as word length and consonantal place of articulation are also well-known to play a role in the production of the voicing contrast in obstruents (among others, Gamkrelidze 1975; Ohala 1983; Warner and Tucker 2011) . As such, the previously reported cases of the preservation of the voicing contrast in perception do not necessarily indicate that perceptual neutralization is incomplete in the language in general. Instead, it may be incomplete only for a subset of lexical items, specific obstruent types, and/or only the stimuli from those production contexts that involve speakers' exposure to orthographic forms and lexical competition.
The study presented below investigates the exact role of differences in production context during the identification of voicing in Russian, a language that has so far received only limited attention in the experimental literature on the perception of incompletely neutralized contrasts. The study examines participants' performance on the stimulus items recorded during word-reading vs. picture-naming/word-guessing tasks and in the presence vs. absence of minimal pairs in the experimental list. To ensure that the results are representative of (the local variety of) the Russian language in general, the findings are based on a large set of obstruents and large samples of participants and stimulus items.
Method

Subjects
Two hundred sixteen native speakers of Russian took part in the study (84 male, 132 female; 18-37 years old; mean age of 22). They were undergraduate and graduate students and postdoctoral researchers at a university in Perm, Russia. None majored in linguistics or a related field. None took part in the production study from which the stimuli originated. All participants were recruited and tested on campus and spoke the same local variety of standard (Northern) Russian. The majority (n ¼ 190) self-identified as monolingual. The remainder (n ¼ 26) were raised in bilingual households (Russian and Komi, Tatar, or Udmurt), but they received all their schooling in Russian and did not use languages other than Russian in their daily lives. All participants reported having low to average proficiency in at least one foreign language (English, French, German, Spanish). None indicated having any language or hearing-related physiological disorders.
Procedures 2.2.1 Stimuli
Perceptual test items (n ¼ 12,528) were created on the basis of 150 stimulus words that were elicited from 78 Russian speakers. The words were distributed equally across 5 different lexical types, including (i) plosive-final monosyllabic minimal pairs (e.g., /kot/ 'cat', /kod/ 'code'), (ii) plosive-final monosyllabic nonminimal pairs (e.g., /zlak/ 'grass', /flaɡ/ 'flag'; */zlaɡ/ and */flak/ are not existing words of Russian), (iii) plosive-final disyllabic non-minimal pairs (e.g., /pirat/ 'pirate', /parad/ 'parade'; cf. */pirad/, */parat/), (iv) fricative-final monosyllabic non-minimal pairs (e.g., /trus/ 'coward', /ɡruz/ 'load'; cf. */truz/, */ɡrus/), and (v) fricative-final disyllabic non-minimal pairs (e.g., /tarif/ 'tariff', /zaliv/ 'bay'; cf. */tariv/, */zalif/). The words from different lexical types were matched on frequency, length in syllables, length in graphemes, grammatical category, and inflectional form. Within each type, the items were recorded using four different production contexts: (i) an oral task with no minimal pairs present among the stimuli (the OrthÀMPÀ context), (ii) an oral task with minimal pairs included among the stimuli (OrthÀMPþ), (iii) a reading task with no minimal pairs in the stimulus list (OrthþMPÀ), and (iv) a reading task with full minimal pairs included among the stimuli (OrthþMPþ).
Two token types were used in the study: full words and final rhymes. Full words were used for plosive-final monosyllabic minimal pair items only (e.g., /kot/, /kod/). Final rhymes were used for all 5 lexical types (e.g., /ot/ from/ kot/, /aɡ/ from/ flaɡ/ 'flag', /if/ from/ tarif/ 'tariff'). Rhyme-only tokens always started with the steady-state part of the vowel that was determined on the basis of visual inspection of F1 and F2 trajectories in the spectrogram. The use of rhymeonly tokens ensured that participants were not asked to judge the voicing setting of the final consonant in items such as /flaɡ/ that do not have minimal pair counterparts in Russian. All tokens were normalized for volume using an automated script for the PRAAT software (Boersma and Weenink 2009) .
A general summary of the acoustic characteristics of the items used to create the perceptual stimuli is provided in Table 1 . The table lists the differences in (i) consonantal duration (closure and release duration for stops, frication duration for fricatives), (ii) glottal pulsing, and (iii) preceding vowel duration. These particular parameters were chosen because they have repeatedly shown statistically reliable effects for both production and perception of incompletely neutralized differences in other devoicing languages (e.g., Afrikaans; van Rooy et al. 2003) . Following Fourakis and Iverson (1984) , glottal pulsing is reported in cycles, and other measurements are given in milliseconds. All segmental durations were determined on the basis of spectrograms and oscillograms. For vowels, the initial boundary was placed at the end of the release or frication noise of the preceding consonant and the beginning of F2 and F3 associated with the vowel or, for vowels preceded by sonorants, the point of an abrupt change in the waveform and the spectral pattern. Consonantal closures were measured from the point of interruption in F2 and F3 associated with the preceding vowel. Releases started at the point of significant increase in waveform amplitude as well as appearance of high-frequency noise in the spectrogram, and they included both the burst and the aspiration noise, if any. Frication duration was measured from the end of the preceding vowel to the end of high-frequency noise associated with the fricative. 1 Significance of production differences was tested in a series of by-subject and by-item RM ANOVAs that examined the effect of underlying voicing, consonantal place of articulation, and production context. Main effects and interactions were resolved using pairwise comparisons (with Bonferroni correction).
As can be seen in Table 1 , items ending in phonologically voiced versus voiceless consonants differed in consonantal duration and glottal pulsing but not preceding vowel duration. For consonantal duration, closures and releases were shorter for minimal pair monosyllables ending in voiced plosives. Releases were also shorter for voiced final stops of non-minimal pair monosyllables. Periods of frication noise were shorter for voiced fricatives in both monosyllables and disyllables. All these differences were found regardless of speakers' exposure to orthography and minimal pairs. Plosive-final disyllables did not show any significant differences in consonantal duration. For glottal pulsing, all five lexical types showed more cycles for phonologically voiced obstruents. However, the differences were significant only during word-reading or when speakers encountered minimal pairs among the stimuli. Preceding vowel duration did not show any effects of underlying voicing. None of the observed differences were affected by consonantal place of articulation. Thus, the perceptual stimuli contained significant production differences in consonantal duration (that were independent of orthography or lexical competition) as well as significant differences in glottal pulsing (that were found only for the stimuli elicited during word-reading and/or when minimal pairs were included among the stimuli).
Experimental sessions and groups
Participants performed a forced-choice two-alternative identification task. The DMDX software (Forster and Forster 2003) was used to present the auditory stimuli and to record participants' responses. Stimulus items were delivered binaurally via over-ear Sennheiser headphones. One token was presented at a time, with two alternative orthographic representations of the final consonant displayed concurrently on a computer screen in front of the listener. The two choices differed Perception of incompletely neutralized voicing cues minimally with respect to the phonemic/orthographic voicing of the consonant. Upon hearing each token, listeners indicated whether the auditory stimulus ended in a voiced or a voiceless consonant by pressing one of two buttons (arrow keys) on a computer keyboard. Subsequent tokens were presented 1 second after a response was registered or after a 3-second time-out if no response was given.
To accommodate the large number of perceptual tokens, listeners were divided at random into four experimental groups and, within each group, into three sub-groups (on the basis of consonantal place of articulation), with each subgroup listening to the same set of stimuli. Group 1 (n ¼ 54; 18 per place of articulation) listened to full words representing plosive-final monosyllabic minimal pairs (e.g., /kot/, /kod/). Group 2 (n ¼ 54; 18 per place of articulation) listened to the same words as Group 1 but heard final rhymes only (e.g., /ot/ from /kot/, /od/ from /kod/). Group 3 (n ¼ 54; 18 per place of articulation) listened to the final rhymes of plosive-final non-minimal pairs (e.g., /ak/ from /zlak/, /ad/ from /parad/). Group 4 (n ¼ 54; 18 per place of articulation) heard the final rhymes of fricative-final items (e.g., /us/ from /trus/, /iv/ from /zaliv/). For the latter two groups, each participant heard half of all rhymes from monosyllabic and disyllabic wordforms, with the selection of tokens counter-balanced across the listeners. The order of presentation was randomized for each participant. Perceptual stimuli were presented in blocks (n ¼ 5) and were grouped by the minimal pair or the rhyme, such that the preceding vowel and the place of articulation of the final consonant were always kept constant within a given block. The order of blocks varied at random across participants. Experimental sessions lasted approximately one hour, with participants taking short self-paced breaks after each block.
Statistical analyses
Statistical analyses were conducted using the IBM SPSS Statistics software (Version 19; IBM, Inc.). The analyses were performed only on the responses given after the offset of the acoustic signal and within 3 standard deviations of the participant's mean. The proportions of voiced responses were entered as the dependent variable into a series of by-subject (F 1 ) and by-item (F 2 ) RM ANOVAs. Predictor variables included (i) underlying voicing (voiced, voiceless), (ii) consonantal place of articulation (labial, coronal, dorsal), and (iii) production context (OrthÀMPÀ, OrthÀMPþ, OrthþMPÀ, OrthþMPþ). Separate ANOVAs were conducted for each lexical type. Only those differences that met the F 1 Â F 2 Criterion (Clark 1973; Raaijmakers et al. 1999 ) were taken to be statistically significant. Main effects and interactions were resolved using pairwise comparisons, with Bonferroni-corrected values reported in the Results section. The relationship between participants' perceptual judgments and the acoustic cues present in the stimuli was examined in a series of stepwise regressions (separate regressions for each type of perceptual stimuli) that aimed to predict the mean rates of voiced responses from production differences in (i) closure/frication duration, (ii) release duration (for plosives), (iii) glottal pulsing, and (iv) preceding vowel duration that are described in Section 2.2.1 above.
Results
Rates of voiced responses
As can be seen in 2 The nature of the interaction can be seen in Figure 1 .
As reflected in the figure, pairwise comparisons between voiced and voiceless categories were always significant within a given production context (all ps < 0.001). In addition, voiced and voiceless plosives showed a number of significant differences across the different contexts. For full-word minimal pair tokens (Figure 1a ), voiceless segments (e.g., the /t/ in /kot/) demonstrated 34 % fewer voiced responses for the items recorded during word-reading than the non-reading tasks (all ps < 0.01). Voiced plosives (e.g., the /d/ in /kod/) showed up to 13% higher rates of voiced responses for word-reading than non-reading and, within word-reading, 7% higher rate of voiced responses in the presence than absence of minimal pairs in the word list (all ps < 0.05). For rhyme-only plosive-final tokens (Figure 1b) , voiceless stops (e.g., the/t/ in /(k)ot/) demonstrated up to 4% fewer voiced responses when the items came from either wordreading or from a non-reading task but in the presence of minimal pairs among the stimuli compared to the items that were recorded during non-reading and with minimal pairs excluded from the word list (all ps < 0.01). For voiced stops (e.g., the/d/ in /(k)od/), the rates of voiced responses were 11% higher for wordreading than non-reading and, within word-reading, 8% higher in the presence than absence of minimal pairs in the word list (all ps < 0.05).
For plosive-final tokens excised from non-minimal pairs (e.g., /at/ from /brat/, /ad/ from /parad/), monosyllabic items ( Figure 1c ) had up to 5% fewer voiced responses to voiceless sounds from the OrthÀMPÀ context compared to all other production contexts (all ps < 0.01). Voiced plosives from the OrthþMPþ context showed up to 10% more voiced responses compared to the rest of the contexts (all ps < 0.01). Disyllabic items (Figure 1d ) demonstrated 3% higher rates of voiced responses to voiceless segments from the Orth-MP-context For perceptual tokens excised from fricative-final items (e.g., /af/ from /ɡraf/, /uz/ from /arbuz/), final rhymes of monosyllables (Figure 1e ) showed up to 6% fewer voiced responses to voiceless fricatives from the OrthþMPþ context compared to all other contexts (all ps < 0.05) and up to 9% higher rates of voiced responses to voiced segments in all pairwise comparisons (all ps < 0.05) except the OrthþMPÀ and OrthþMPþ pair (p > 0.1). For disyllable-based items (Figure 1f) , rates of voiced responses to voiceless final stops were not different in the case of the OrthÀMPÀ and OrthþMPÀ pair (p > 0.1) but different in all other pairwise comparisons (all ps < 0.05). For voiced fricatives, rates of voiced responses to phonologically voiced final fricatives were also significant in all pairwise comparisons (all ps < 0.05) other than the Orth-MP-and Orth-MPþ pair (p > 0.1).
Furthermore, as shown in Figure 2 , plosive-final items also showed a significant interaction between underlying voicing and place of articulation (full word minimal (labial, coronal, velar) . A value of 100 on the y-axis corresponds to 100% of tokens being identified as ending in a voiced plosive. Significance of pairwise comparisons is marked as '***' (0.001), '**' (0.01), and '*' (0.05).
pairs: F 1 (2,51) ¼ 45.16, p < 0.001; F 2 (2,24) ¼ 12.12, p ¼ 0.005; final rhymes of minimal pairs: F 1 (2,51) ¼ 37.82, p < 0.001; F 2 (2,24) ¼ 13.98, p < 0.001; non-minimal pair monosyllables: F 1 (2,51) ¼ 27.61, p < 0.001; F 2 (2,24) ¼ 11.95, p ¼ 0.005; nonminimal pair disyllables: F 1 (2,51) ¼ 23.15, p < 0.001; F 2 (2,24) ¼ 8.28, p ¼ 0.002).
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Pairwise comparisons revealed that differences in responses to voiced versus voiceless obstruents were significant within each place of articulation (all ps < 0.001). At the same time, listeners heard the voicing distinction more clearly in velar plosives. Voiceless velars received significantly fewer voiced responses than voiceless labials or coronals (all ps < 0.001), and voiced velars showed higher rates of voiced responses than voiced labials (all ps < 0.01).
Unlike plosives, final fricatives did not show a significant interaction between underlying voicing and consonantal place (Fs < 1, ps > 0.1). An interaction between place and production context was observed only for fricativefinal disyllables (F 1 (2,51) ¼ 7.20, p < 0.001; F 2 (2,24) ¼ 3.52, p ¼ 0.007), which was due to the fact that coronal-final tokens produced in the non-reading tasks received fewer voiced responses regardless of underlying voicing (all ps < 0.01). The rest of the interactions were not significant (Fs < 1, ps > 0.05).
Regression modeling
Results of regression analyses revealed that the acoustic parameters of glottal pulsing, release duration, and preceding vowel duration could account for up to 56.5% of variance in the rates of voiced responses. For plosive-final minimal pair tokens, glottal pulsing alone could explain 47.2% of variance for full-word items (β ¼ 0.687, t(118) ¼ 10.28, p < 0.001; R 2 ¼ 0.472, F(1,118) ¼ 105.65, p < 0.001) and 47.8% of variance for rhyme-only tokens (β ¼ 0.692, t(118) ¼ 10.40, p < 0.001; R 2 ¼ 0.478, F(1,118) ¼ 108.19, p < 0.001). With release duration added as the second predictor, the model improved by 7.6% (to 54.8%) for full-word items (
.86, p < 0.001) and by 6.8% (to 54.6%) for rhyme-only tokens (β 1 ¼ 0.635, t 1 (117) ¼ 9.96, p < 0.001, β 2 ¼ −0.266, t 2 (117) ¼ -4.17, p < 0.001; R 2 ¼ 0.546, F(2,117) ¼ 70.27, p < 0.001). Introduction of preceding vowel duration as the third predictor did not affect the model for rhyme-only tokens (|t| < 1.5, p > 0.1) but led to an additional increase of 1.7% (to 56.5%) for full-word items (β 1 ¼ 0.631, t 1 (116) ¼ 10.08, p < 0.001,
Closure duration did not contribute to the model for either full or truncated tokens (all |t|s < 1.5, all ps > 0.1). Thus, for full-word minimal pair tokens, the observed variance in the rates of voiced responses could be predicted from the production differences in glottal pulsing, release duration, and preceding vowel duration, with vocal fold vibration being the single most prominent contributor. For rhyme-only minimal pair items, identification responses could be accounted for on the basis of glottal pulsing and, to a limited extent, release duration. For plosive-final non-minimal pair tokens, a model with glottal pulsing as the only predictor explained 37.7% of variance for monosyllables (β ¼ 0.614, t (118) 
Discussion
The current study examined how identification of underlying voicing in incompletely neutralized obstruents varies across stimulus items recorded during reading vs. non-reading procedures when minimal pairs are either present or absent among the stimuli. Results from Russian revealed that, overall, underlying voicing was perceptible with limited accuracy only. On average, between 42-44% of voiced obstruents and 26-30% of voiceless consonants were attributed to the voiced category. This shows a general bias for voiceless responses, which parallels the findings of the Polish study in Jassem and Richter (1989) and the Afrikaans investigation in van Rooy et al. (2003) that also found high proportions of voiceless responses to all final obstruents regardless of their phonological specification. At the same time, identification responses also differed depending on which production context the stimuli came from. When perceptual tokens were originally recorded during word-reading and with minimal pairs included in the experimental list, responses to the two voicing categories differed by 21-25%. When the same items were created during a non-reading procedure and in the absence of minimal pairs among the stimuli, response rates showed differences of 6-10% only. Thus, identification responses were less consistent with phonological specifications for the tokens elicited in non-reading tasks and without minimal pairs among the stimuli. This shows an effect of differences in production context and suggests that identification responses were affected by the acoustic cue of glottal pulsing, which is the parameter that showed robust production differences during word-reading and in the presence of minimal pairs but either limited or no differences during non-reading tasks and in the absence of minimally-contrasting word pairs. The primary role of glottal pulsing is also corroborated by the findings of regression modeling, with vocal fold vibration being the most prominent predictor for plosive-final monosyllables and the only significant predictor for plosive-final disyllables and both monosyllabic and disyllabic fricative-final tokens.
However, even though the tokens recorded during non-reading tasks and without minimal pairs among the stimuli showed a strong voiceless bias, rates of voiced responses were still 6-10% higher for voiced than voiceless obstruents. This demonstrates that listeners are able to use not only the cues motivated by orthography or lexical competition but also the differences present in production even without speakers' exposure to written forms or minimal pairs. This is further confirmed by the result of regression analyses in which closure/frication duration, release duration, and preceding vowel duration (which are the parameters that did not show any enhancement of production differences as a result of speakers' exposure to orthography or lexical competition) were identified as limited but nevertheless significant predictors that accounted for 1.7-7.6% of variance. Note, however, that since only the steady-state part of the vowel was included in the rhyme-only perceptual stimuli, the exact nature of the interaction between voicing and preceding vowel duration remains to be investigated.
Taken together, these findings suggest that the apparently successful identification of underlying voicing in incompletely neutralized final obstruents can be attributed only in part to listeners' taking advantage of the differences produced when speakers are exposed to orthographic representations and minimal pairs. When such cues are unavailable, listeners show a stronger bias for voiceless responses, yet the rates of responses to voiced versus voiceless obstruents are never identical. Thus, perceptual identification of voicing appears to involve both the prominent incompletely neutralized differences that are the result of speakers' exposure to written forms and minimal pairs as well as the subtle incompletely neutralized differences that are not directly motivated by orthography or lexical competition.
For plosive-final tokens, perception results also revealed an effect of consonantal place of articulation, with velar stops showing greater consistency with underlying voicing. This parallels the findings of Port and O'Dell (1985) who also observed more accurate identification in the case of velar obstruents. As noted in the description of the stimuli, place of articulation did not have a significant effect in production on the degree of preservation of voicing. This means that listeners appear to be more sensitive to the presence of the same amount of glottal pulsing in velars than labials or coronals. Although the exact causes for this effect would need to be investigated independently in future research, one likely explanation comes from the aerodynamics of speech. Physiological reasons do not favor the production of glottal pulsing in velar stops. Velars are articulated with a smaller space between the glottis and the oral constriction, which results in a smaller volume of air being able to pass through the vocal folds during the closure stage of the obstruent (Gamkrelidze 1975; Ohala 1983; Ohala 1997 ). As voicing is less expected for velars in production, it may be more perceptually salient in velar plosives, and this may explain why Russian listeners performed better on velars than non-velars.
Finally, the findings presented above also have implications for the phonological accounts of final devoicing and incomplete neutralization. The data show that neutralization is not fully complete in perception for the stimuli recorded without speakers' exposure to orthographic forms and minimal pairs, yet the observed differences only result in a slight weakening of the voiceless bias rather than a categorical shift in voicing judgments. As such, it seems unlikely that speakers produce incompletely neutralized differences because they intend to provide the listeners with cues to phonological voicing. If speakers' goal were to disambiguate the potentially homophonous forms, voicing cues would be expected to have a major effect on the outcome of the categorization process across all production contexts and not only for the stimuli elicited during word-reading and with minimal pairs included in the experimental list. This suggests that such differences are not the result of a specific articulatory goal but more likely a by-product of various automated processes taking place during lexical access and speech planning, such as automatic co-activation of morphologically related forms (Ernestus and Baayen 2006; Goldrick and Blumstein 2006; Winter and Röttger 2011; Röttger et al. 2014 ). This seems especially likely considering the generally small magnitude of production differences in incomplete neutralization studies, such as the vowel duration differences of 3.5 ms in Warner et al. (2004) or the consonantal duration differences of 5 ms in Kharlamov (2014) . During perception of non-laboratory speech, listeners also normally have access to non-acoustic (e.g., syntactic, semantic) cues to the voicing setting of the consonant, which further diminishes the importance of partially neutralized differences.
Conclusions
The study presented above examined the perception of incompletely neutralized voicing cues in word-final stops and fricatives in Russian. The goal of the investigation was to determine how identification of underlying voicing varied across stimulus items recorded using reading vs. non-reading procedures and with vs. without speakers' exposure to minimal pairs. Results of a series of identification tasks revealed that listeners' responses were more in line with underlying voicing for the stimuli elicited during word-reading and with minimal pairs included among the stimuli. However, significant differences in response rates were also found for the stimulus items from other production contexts. This shows that voicing judgments are influenced by the production context, yet perceptual neutralization can be incomplete even when the stimuli are recorded without speakers' exposure to orthography and lexical competition.
